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Abstract: Most studies investigating the processing of emotions in depressed patients 
reported impairments in the decoding of negative emotions. However, these studies 
adopted static stimuli (mostly stereotypical facial expressions corresponding to basic 
emotions) which do not reflect the way people experience emotions in everyday life. For 
this reason, this work proposes to investigate the decoding of emotional expressions in 
patients affected by Recurrent Major Depressive Disorder (RMDDs) using dynamic 
audio/video stimuli. RMDDs’ performance is compared with the performance of patients 
with Adjustment Disorder with Depressed Mood (ADs) and healthy (HCs) subjects. The 
experiments involve 27 RMDDs (16 with acute depression - RMDD-A, and 11 in a 
compensation phase - RMDD-C), 16 ADs and 16 HCs. The ability to decode emotional 
expressions is assessed through an emotion recognition task based on short audio (without 
video), video (without audio) and audio/video clips. The results show that AD patients are 
significantly less accurate than HCs in decoding fear, anger, happiness, surprise and 
sadness. RMDD-As with acute depression are significantly less accurate than HCs in 
decoding happiness, sadness and surprise. Finally, no significant differences were found 
between HCs and RMDD-Cs in a compensation phase. The different communication 
channels and the types of emotion play a significant role in limiting the decoding accuracy. 
Keywords: Recurrent Major Depressive Disorder, Adjustment Disorder with Depressed 
Mood, basic emotions, emotion recognition task, dynamic stimuli, emotional decoding bias, 
communication channels. 
1 Introduction 
Accurate processing of emotional information is an important social skill allowing 
one to correctly decode others’ verbal and nonverbal emotional expressions, to 
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provide appropriate affective feedback and to adopt consistent social behaviors 
(Esposito 2013). Several studies showed that Major Depressive Disorders 
(MDDs) produce deficits in emotional information processing and may trigger 
social problems like, e.g., avoidance of affective relations and poor social 
networking (Teo et al. 2013; Zlotnick et al. 2000; Gotlib and Hammen 1992; 
McNaughton et al. 1992; Klerman and Weissman 1992) as well as affective, 
physical, cognitive and behavioral problems (DSM-IV, APA 2000). In general, 
investigations of how well depressed individuals decode emotional information 
exploit static facial expressions (photos) and follow the Ekman’s research 
paradigm (1992). This states that it is an universal and innate human ability to 
recognise the facial expressions corresponding to the six emotions called basic or 
primary (happiness, surprise, disgust, sadness, fear and anger). The effectiveness 
of people with depression in decoding emotional expressions through photos was 
investigated with several methodologies, including the morphing task (Gilboa-
Schechtman et al. 2008; Schaefer et al. 2010; Bediou et al. 2005; Aldinger et al. 
2013; LeMoult et al. 2009; Joorman et al. 2006), the emotion recognition task 
(Uekermann et al. 2008, Chen et al. 2014; Gollan et al. 2008, 2010; Milders  et al. 
2010; Douglas and Porter 2010; Leppänen et al. 2014; Wright et al. 2009; Watters 
and Williams 2011; Schneider et al. 2012; Naranjo et al. 2011; Peron et al. 2011; 
Punkanen et al. 2011; Kan et al. 2014; Schilipt et al. 2013), the emotion 
attentional task (Joorman and Gotlib 2004, 2007; Kelleough et al. 2008; Duque 
and Vázquez 2014; Sanchez et al. 2013; Leyman et al. 2007), the matching task 
(Milders et al. 2010; Chen et al. 2014; Liu et al. 2012), and the dot-probe 
detection task (Fritzsche et al. 2010).  
Results from the abovementioned studies show that subjects with depression 
exhibit a selective attention towards faces expressing negative emotions when 
stimuli last more than one second. This suggests that abnormal emotional 
information processing during depression is due to cognitive rather than 
attentional processes (Duque and Vázquez 2014; Sanchez et al. 2013; Fritzsche et 
al. 2010; Kelleough et. al 2008; Leyman et al. 2007; Gotlib and Joorman 2004, 
2007). In particular, Milders et al. (2010) corroborate this hypothesis by showing 
that MDDs significantly differ from HCs in the labeling task (involving explicit 
identification), but not in the matching one (involving implicit emotion 
processing). On this evidence, many studies prove that depressed patients show a 
labeling (recognition) bias towards negative emotions. More specifically, such 
investigations reported contradictory results, showing that MDDs can be either 
faster and/or more accurate (Liu et al. 2012; Csukly et al. 2010; Milders et al. 
2010; Surguladze et al. 2004; Gilboa-Schechtman et al. 2002; Mandal and 
Bhattacharya 1985), or  slower and/or less accurate (Aldinger et al. 2013; 
Anderson et al. 2011; Watterns and Williams 2011; Douglas and Porter 2010; 
Csukly et al. 2009; Gollan et al. 2008; Cerroni et al. 2007; Cooley and Nowicki 
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1989; Zuroff and Colussy 1986) than HC subjects in decoding fear, anger and, in 
particular, sadness.  
While many studies confirm a bias towards negative emotions, others find a 
deficit in the decoding of positive emotions, especially happiness (Chen et al. 
2014; LeMoult et al. 2009; Fritzsche et al. 2010; Harmer et al. 2009; Gilboa-
Schechtman 2008; Joorman and Gotlib 2006; Suslow et al. 2001, Karparova et al. 
2004; Surguladze et al. 2004; Mikhailova et al. 1996; Rubinow and Post 1992; 
Gur et al. 1992), and/or  a global recognition deficit on both positive and negative 
emotions (Feinberg et al. 1986; Persad e Polivy 1993; Asthana et al. 1998). 
Finally, some studies do not detect any deficit (Archer et al., 1992; Gaebel and 
Wölwer, 1992; Mogg et. al 2000; Weniger et al. 2004; Bediou et al. 2005; 
Schaefer et al. 2010) whereas others report a bias towards ambiguous and neutral 
faces that were mostly judged as displaying negative emotions (Hale 1998; 
Bouhuys et al. 1999; Leppänen et al. 2004; Gollan et al. 2008; Douglas and Porter 
2010). 
The common characteristic of these studies is that they investigate the ability of 
depressed subjects to decode emotional expressions through the visual channel, 
using photos. This has two main limitations: 1) static stimuli do not reflect the 
way people experience emotions in their everyday life (facial emotional 
expressions are dynamic and are often accompanied by vocalisations and / or 
speech), and 2) photos of emotional faces are taken at high intensity emotional 
levels and do not correspond to everyday life expressed emotions. On the 
contrary, multimodal dynamic stimuli have greater ecological validity and allow 
to investigate the amount of emotional information conveyed not only by the 
visual channel, but also by the auditory one and by the combination of visual and 
auditory signals. Nevertheless, a few studies, only recently, exploit dynamic 
emotional stimuli to investigate on the depressed subjects’ ability to decode 
emotional expressions using either audio, or audio/video stimuli (Naranjo et al. 
2011; Peron et al. 2011; Punkanen et al. 2011; Kan et al. 2004; Uekermann et al. 
2008; Schlipt et al. 2013).  
In summary, the studies investigating the ability of depressed subjects to decode 
emotional stimuli are numerous and report different results. These differences 
may be attributed to the use of different methodologies in assessing the accuracy 
of depressed subjects, to the type of stimuli, the characteristics of the participants, 
and the different clinical states and depression degrees. Given the variety of this 
data, it remains an open issue whether depressed subjects exhibit a global or a 
specific emotional bias in decoding emotional expressions, as well as whether 
their clinical state (i.e. the acute or compensation phase) and depression degrees 
play a role in their performance. In addition, it is of interest to assess the role of 
the communication channels in conveying emotional information.  
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This study aims at clarifying these issues through the analysis of how people with 
depression decode emotional displays. The goal is to explore the MDDs’ ability to 
decode emotional multimodal dynamic stimuli and to match their performance 
with both AD and HC subjects. Our hypotheses are: 
1- RMDD patients should show a negative bias (that is an emotional recognition 
deficit) towards specific basic emotions; 
2- The bias is more evident when depressive symptoms are severe. Thus, the 
performance of acutely depressed patients should be worse than the performance 
of compensated ones; 
3- The bias is independent of the communication mode. Thus, it should appear in 
the visual, auditory and visual/auditory stimuli. 
Dynamic stimuli either in visual or auditory or both visual and auditory form are 
used,  extracted from Italian movies and therefore embedded in the movie script 
context to increase the naturalness and ecological validity of the experiment.  
2 Methods 
2.1 Participants 
Four groups of participants took part in this study:  
1) Outpatients with Recurrent Major Depression in acute phase (RMDD-
A). The initial group consisted of 20 subjects. A 51 years old man was 
excluded for hearing impairments; a 39 years old man was excluded 
because it was possible that the depressed mood was associated with 
brain surgery; a 38 years old woman was excluded because she had not 
yet started the drug therapy; a 64 years old woman was excluded 
because the psychiatrist did not provide her clinical history 
questionnaire. The final group consisted of 16 outpatients (10 males and 
6 females; mean age=53.3; s.d.=9.8); 
2) 11 outpatients (3 males and 8 females, mean age=48.8; s.d.=11.9) with 
Recurrent Major Depression in compensation phase (RMDD-C); 
3) Outpatients with Adjustment Disorder with Depressed Mood (AD). The 
initial group consisted of 18 subjects. A 55 years old man and a 66 years 
old woman were excluded because they just started to take medications.  
The final group consisted of 16 outpatients (5 males and 11 females; 
mean age=54.5; s.d.=9.5);  
4) Healthy Controls (HC). The initial group consisted of 18 subjects. A 38 
years old man and a 60 years old woman were excluded because they 
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were under anxiolytics. The final group consisted of 16 subjects (6 males 
and 10 females; mean age=52; s.d.=13.3).  
 
A Major Depressive Disorder (MDD) is a “medical condition that includes 
abnormalities of affect and mood, neurovegetative functions (such as appetite and 
sleep disturbances), cognition (such as inappropriate guilt and feelings of 
worthlessness), and psychomotor activity (such as agitation or retardation)” (see 
Fava and Kendler 2000, p. 335). These symptoms are recurrent and occurring in 
patients in acute phase (RMDD-A), whereas RMDD-C patients are not showing 
them. Adjustment Disorder with Depressed Mood “is a psychological reaction to 
overwhelming emotional or psychological stress, resulting in depression” (in 
Rosenthal 2010, p. 145)   
The three groups of patients (RMDD-A, RMDD-C, AD) were recruited at the 
Mental Health Service of Avellino, Italy. They received a diagnosis of Recurrent 
Major Depression Disorder and Adjustment Disorder with Depressed Mood 
according to DSM-IV criteria (APA, 2000) and were under antidepressant 
medications (SSRI - Selective Serotonin Reuptake Inhibitors; SNRI - Serotonin-
Norepinephrine Reuptake Inhibitor; tricyclic antidepressants; anxiolytics). 
Healthy controls (HC) did not show any current or past history of psychiatric 
diseases (these were the selection criteria for them) and were recruited through 
invitation by phone. HCs were then met at their private homes and were 
administered both the BDI-II and the emotion recognition task. Table 1 
summarizes the clinical and demographic characteristics of the four groups.  
 
Table 1: Participants’ demographic and clinical characteristics 
 GROUPS 
 RMDD-A 
N.=16  
(10M, 6F) 
RMDD-C 
N.=11  
(3M, 8F) 
AD 
N.=16  
(5M, 11F) 
HC  
N.=16  
(6M, 10F) 
 mean s.d. mean s.d. mean s.d. mean s.d. 
Age 53.3 9.8 48.8 11.9 54.5 9.5 52.0 13.3 
Years of 
education* 
 2.6  0.7  2.7  0.5   3.0 0.8 2.7 0.9 
BDI-II** 37.4 10.3  9.1  6.0 29.2 13.1 2.6 3.3 
Duration 
of 
treatment 
(in years) 
 7.4  5.4  4.8  5.7  3.8 3.2   
*Scores coding: 1=primary school; 2=secondary school; 3=high school; 4=college 
**Range of score: 0-9= normal score; 10-18= mild depression; 19-29= moderate depression;  
30-63=severe depression. 
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2.2 Stimuli, measures, and procedure 
For each RMDD-A, RMDD-C and AD patient, the psychiatrists of the 
Mental Health Service Center have provided the clinical history (diagnosis, type 
of drugs, duration of treatment). Patients were excluded from the experiment if: a) 
the depressed mood was associated with other disorders (e.g., personality 
disorders, psychosis, alcoholism, cognitive decline or hearing impairment). The 
only exception is anxiety because it is often associated to depression; or b) the 
period during which the patient was under drug therapy was shorter than one 
year.  
The Italian version of the Beck Depression Inventory Second Edition (BDI 
II; Beck et al. 1996; Ghisi et al. 2006) was administered to the control group and 
to the three groups of patients. The BDI-II is a self-report questionnaire (21- 
statements each with 4 possible choices) widely used as a psychometric test for 
measuring the severity of depression in terms of four classes: normal, mild, 
moderate, and severe. The BDI –II is based on the DSM-IV and is in agreement 
with its diagnostic criteria for depression (APA 2000)  
The emotion recognition task consisted of 60 emotional stimuli grouped in 
20 videotaped facial expressions (without audio), 20 audiotaped vocal 
expressions (without video) and 20 audio/video recordings, all selected from the 
COST 2102 Italian Emotional database, which consists of 216 emotional video-
clips extracted from Italian speaking movies (Esposito et al. 2009; Esposito and 
Riviello 2010). In these video-clips, Italian actors/actresses act one of the 
following five basic emotions: happiness, fear, anger, surprise, and sadness. The 
emotional content of the video clips was assessed by 210 raters split into three 
groups: 70 raters have listened to the audio channel of each clip without seeing 
the video, 70 raters have watched the video channel of the clips without hearing 
the audio, and another 70 raters have watched the full clips (both audio and video 
channel available).  
The recordings’ duration was kept short (between 2 and 3.5 seconds, the average 
stimulus’ length was 2.5s, SD = ± 1s) to avoid overlaps of different emotions. 
The 60 stimuli selected from the abovementioned database were among those that 
received the greater raters’ agreement (more than the 70% of agreements).  
Informed consent forms were signed by the participants after the study had 
been described to them. The tasks were administered to the subjects individually 
in a quiet room.  Each participant first completed the BDI-II and then the emotion 
recognition task. No time limit was given to complete the task. The stimuli were 
presented one by one on a PC monitor. After the presentation of each stimulus, 
subjects’ were asked to label it as happiness, fear, anger, surprise, sadness, a 
different emotion, or no emotion, selecting the option that best described (for 
her/him) the emotional state acted in the audio, visual or audio/video stimulus. 
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After each labeling, they moved to the successive stimulus The administration 
procedure lasted for approximately 30 minutes.  
 
2.3 Data analysis 
The following statistical tests were performed to assess the collected data. Three 
one-way ANOVA analyses were performed to evaluate whether there were 
significant differences among groups in along age, BDI-II scores, and treatment 
duration (paragraph 3.1). The Fisher’s exact test 4x4 (4 groups and 4 education 
levels) was performed to assess differences among groups with respect to 
educational levels (paragraph 3.1).  
The Pearson Correlation coefficient was used to evaluate correlations between, on 
the one hand, answers to the emotion recognition task and, on the other hand, 
BDI-II scores (paragraph 3.2) and treatment duration (paragraph 3.3).  
A repeated measures analysis of variance (ANOVA 5x3) on the number of 
correct responses was separately performed to assess each involved group ability 
to decode the emotional stimuli (the 5 abovementioned basic emotions) portrayed 
through the three different communication modes (within subject factor) - 
(paragraph 3.4.1). 
One-way ANOVA analyses were performed to assess differences between groups 
on communication modes and emotional categories (paragraph 3.4.2). 
A repeated measure analysis of variance (ANOVA 5x3x4) was performed, with 
emotions (the five basic emotions) and communication modes (audio, mute video, 
and combined audio/video) as within-subject factors, and groups (RMDD-As, 
RMDD-Cs, ADs, HCs) as between-subject factor. In addition, separate repeated 
measures ANOVA were performed. In particular, an ANOVA 5x3x3 to compare 
RMDD-A and RMDD-C performance with HC subjects, and an ANOVA 5x3x2 
to match only RMDD-As and RMDD-Cs performances (paragraph 3.4.2). 
Bonferroni post hoc comparisons were performed to assess statistical significance 
of differences. The confidence level was established at α=.05 
Confusion matrices were computed on the percentage of correct responses for 
each communication mode, to assess misperceptions among emotion categories 
(paragraph 3.4.3). 
3 Results 
3.1 Participants’ clinical and demographic characteristics 
The four groups (RMDD-A, RMDD-C, AD, HC) did not differ significantly in 
age (F(3,55)=.5; p-value=.64) and years of education (X
2
(9)=11.30; p-value=.18). 
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The three groups of patients (RMDD-A; RMDD-C; AD) did not differ 
significantly in treatment duration (F(2,40)=2.2; p-value=.12).  
A significant difference among the four groups was found (as expected) for the 
BDI-II scores (F(3,51)=42.9; p-value<<.01). Bonferroni post hocs showed no 
differences between HCs and RMDD-Cs (p-value=.29) and between RMDD-As 
and ADs (p-value=.07). Significant differences were found between HCs and 
RMDD-As (p-value<<.01), between HCs and ADs (p-value<<.01); between 
RMDD-Cs and RMDD-As (p-value<<.01), and RMDD-Cs and ADs (p-
value<<.01). In summary, these results confirm that RMDD-As and ADs are 
severely depressed while, RMDD-Cs and HCs have typical scores. Participants’ 
clinical and demographic characteristics are reported in Table 1. 
 
3.2 Beck Depression Inventory-II  
No correlation (p-value>.05) was found between subjects’ (patients and control) 
BDI-II scores and their number of correct answers to the emotion recognition task 
suggesting that their performance was not correlated to the severity of the 
depressive symptoms. These results are illustrated in Table 2. 
 
Table 2: Pearson correlation between subjects’ performance and their BDI-II scores 
Groups 
Emotion 
recognition task 
 
BDI-II score Pearson 
correlation 
p-value 
mean s.d. mean s.d. 
RMDD-A 41.4 6.75 37.4 10.26 -.34 .19 
RMDD-C 42.7 12.08 9.1 6.10 .06 .86 
AD 36.2 8.44 29.2 13.09 -.20 .44 
HC 48.6 4.01 2.6 3.40 .09 .71 
           Alfa=.05 
 
3.3 Treatment duration  
No correlation (p-value>.05) was found between the average treatment duration 
and patients’ performance, as illustrated in Table 3.  
 
Table 3: Pearson correlation between patients’ performance and average treatment 
duration  
Groups 
Emotion 
recognition task 
Average 
treatment 
duration 
Pearson 
Correlation 
p-value 
mean s.d. mean s.d. 
Provis
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RMDD-A 41.4 6.75 7.4 5.43 -.008 .97 
RMDD-C 42.7 12.08 4.8 5.7 -.41 .21 
AD 36.2 8.44 3.8 3.3 .25 .34 
           Alfa=.05 
 
3.4 The emotion recognition task 
Figure 1 shows the accuracy for each participating group. Figure 2 reports the 
percentage of groups’ correct responses in each communication mode (audio, 
mute video, and audio/video).  
 
 
Figure 1: Emotion recognition accuracy (in %) for each participating group 
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Figure 2: Percentage of groups’ correct responses in each communication mode (audio, 
mute video, and audio/video) 
 
 
Table 4 reports accuracy mean scores and standard deviations (s.d.) for each 
participating group, emotion, and communication mode.  
 
Table 4: mean scores and standard deviations (s.d.) for each participating group, 
emotion and communication mode. 
communication 
mode 
emotion 
Groups 
RMDD-A
M 
RMDD-C
N 
AD
O 
HC
P 
mean s.d. mean s.d. mean s.d. mean s.d. 
audio 
happiness 2,75 0,30 2,55 0,37 3,00 0,30 3,31 0,30 
fear 3,06
A 
0,21 2,82 0,25 2,25 0,21 3,06 0,21 
anger 2,69 0,28 2,45 0,33 2,06 0,28 3,13 0,28 
surprise 2,06
B 
0,28 2,82 0,34 2,06 0,28 3,38 0,28 
sadness 2,81 0,27 2,36 0,32 2,25 0,27 2,81 0,27 
mute video 
happiness 2,63 0,25 3,00 0,31 2,63 0,25 3,69
L 
0,25 
fear 3,19
C 
0,18 3,09
F 
0,22 3,00
H 
0,18 3,56
L 
0,18 
anger 3,31
D 
0,27 3,18 0,33 2,44 0,27 3,50
L 
0,27 
surprise 2,19
E 
0,28 2,18
G 
0,33 1,94
I 
0,28 2,00
K 
0,28 
sadness 2,69 0,24 2,82 0,29 2,00
J 
0,24 3,31
L 
0,24 
audio/video 
happiness 2,69 0,27 3,18 0,32 2,81 0,27 3,31 0,27 
fear 2,44 0,29 2,73 0,35 2,25 0,29 3,00 0,29 
0
20
40
60
80
100
audio mute Video audio/video
RMDD-A RMDD-C AD HC
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anger 3,31 0,22 3,73 0,26 2,63 0,22 3,63 0,22 
surprise 3,06 0,25 2,82 0,30 2,69 0,25 3,44 0,25 
sadness 2,50 0,29 3,00 0,35 2,19 0,29 3,44 0,29 
1) Significant differences among emotion decoding accuracy for each participating 
group:  
A-B
 p-value=.001;  
C-E
 p-value=.009; 
D-E
 p-value=.028;  
F-G
 p-value=.016;   
H-J
 p-value=.024;  
I-J
 p-value=.002;  
k-L
 p-value=.00.  
2) Significant differences among groups on emotional categories:
  O-P
 fear (p-value=.025), 
anger (p-value=.004), sadness (p-value=.007);  
3) Significant differences among groups on communication modes: 
O-P
 audio (p-
value=.004); mute video (p-value=.001); audio/video (p-value=.004);  
4) Significant differences among groups on emotional categories and communication 
modes: 
M-P 
happiness in the mute video (p-value=.02), surprise in the audio (p-value=.01); 
sadness in the audio/video (p-value=.05); 
O-P 
happiness in the mute video (p-value=.02), 
fear in the audio (p-value=.025); anger in the mute video (p-value=.004); surprise in the 
audio (p-value=.01); sadness in the audio (p-value=.004) and audio/video (p-value=.019); 
N-O
 anger in the audio/video (p-value=.01). 
 
 
3.4.1 Statistical analyses on each participating group  
The repeated measures analyses of variance (ANOVA 5x3), performed to assess 
the ability of each group to decode emotional stimuli portrayed through the audio, 
mute video, and combined audio/video, show that:  
- RMDD-As did not show significant differences among emotional categories 
(F(4,60)=1.56, p-value=.19) and communication modes (F(2,30)=.60, p-value=.55). 
There is a significant interaction between emotion categories and communication 
modes (F(8,120)=3.72, p-value=.001). Post hocs show that this interaction is due to:  
1) a significant difference in the audio between surprise and fear (p-
value=.015), which are, respectively, the less and most accurately 
recognized emotions in this mode (see mean scores in Table 4); 
2) a significant difference in the mute video between surprise and fear 
(p-value=.009), and surprise and anger (p-value=.028) indicating that, in 
this mode, surprise is the least recognized emotional category, and fear 
and anger are the most recognized ones (see mean scores in Table 4). 
- RMDD-Cs did not show significant differences among emotional categories 
(F(4,40)=1.04, p-value=.39) and communication modes (F(2,20)=3.84, p-value=.06). 
A significant interaction between emotion and communication mode (F(8,80)=2.57, 
p-value=.015) was found. Post hocs show that this interaction is due to a 
significant difference in the mute video between surprise and fear (p-value=.016) 
indicating that, they are the least and most accurately recognized emotional 
categories respectively (see mean scores in Table 4). 
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- ADs did not show significant differences among emotional categories 
(F(4,60)=1.87, p-value=.127) and communication modes (F(2,30)=.825, p-
value=.448). A significant interaction between emotions and communication 
modes (F(8,120)=2.30, p-value=.025) was found. Post hocs show that this 
interaction is due to a significant difference in the mute video between surprise 
and fear (p-value=.024), and sadness and fear (p-value=.002) indicating that fear 
is the most accurately recognized emotion, and surprise and sadness are the least 
accurately recognized ones (see mean scores in Table 4). 
- HCs did not show significant differences among communication modes 
(F(2,30)=1.51, p-value=.237). Significant differences were found among emotion 
categories (F(4,60)=2.88, p-value=.03). A significant interaction was found 
between emotions and communication modes (F(8,120)=7.32, p-value=.000). Post 
hocs in the mute video reveal for emotions, a significant difference between 
happiness and surprise (p-value=.032) indicating that they are, respectively, the 
most and least accurately recognized emotional categories. Post hocs on the 
emotions*communication modes interaction show a significant difference in the 
mute video between surprise and all the other emotions (p-value=.00), indicating 
that in this communication mode surprise is the emotion least accurately 
recognized (see mean scores in Table 4). 
 
3.4.2 Statistical analyses on all participating groups  
Emotional categories. A one-way ANOVA on each emotional category, 
independently from the communication mode, shows that there are significant 
differences among the groups for fear (F(3,55)=3.00 p-value=.038), anger 
(F(3,55)=4.78, p-value=.005) and sadness (F(3,55)=3.93 p-value=.013); no significant 
differences were found for happiness (F(3,55)=2.51, p-value=.068) and surprise 
(F(3,55)=1.88, p-value=.143). Post hocs show a significant difference between ADs 
and HCs with respect to fear (p-value=.025), anger (p-value=.004), and sadness 
(p-value=.007). See the percentage of emotion recognition accuracy in Figure 1. 
Communication channels. A one-way ANOVA on each communication mode, 
independently from the emotional categories, shows significant differences 
among the groups for the audio (F(3,55)=4.47 p-value=.007), mute video 
(F(3,55)=5.87 p-value=.002), and audio/video (F(3,55)=4.82 p-value=.005). Post hocs 
show significant differences between ADs and HCs for audio (p-value=.004); 
mute video (p-value=.001), and audio/video (p-value=.004). See the percentage 
of correct responses in each communication mode in Figure 2. 
Emotion categories and communication channels. The repeated measures 
analysis of variance (ANOVA 5x3x4) shows as main effects:  
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a) A significant difference among the groups (F(3,55)=6.58, p-value=.001). 
Post hocs report a significant difference between ADs and HCs (p=.000). 
On the average ADs are less accurate than all the other groups, as clearly 
appears also in Figure 1 and 2. 
b) A significant effect was found among emotional categories (F(4,220)=4.46, 
p-value=.004). Some emotions are more accurately recognized than the 
others. In particular, post hocs report a significant difference between 
surprise and anger (p-value=.031). As shown in Figure 1, surprise is, the 
emotion less accurately recognized and anger is the most accurately 
recognized one by all but not the AD group. 
c) A significant effect was found among the communication modes 
(F(2,110)=6.16, p-value=.003). Post hocs show that this effect was due to a 
significant difference between the audio and audio/video (p-value=.005).  
The accuracy mean scores indicate that all groups are less accurate in the 
audio and more accurate in the audio/video (see Figure 2).  
 
The ANOVA analysis also reports significant interactions between a) emotions 
and communication modes (F(8,440)=9.10; p-value=.000) and b) emotions, 
communication modes and groups (F(24,440)=1.78; p-value=.013).  
a) The significant interaction between emotions and communication modes, 
indicates that the emotion decoding accuracy depends on the communication 
mode. More specifically post hocs show that: 
1) There are no significant differences among communication modes for the 
recognition accuracy of happiness, and sadness (p-value>.05).   
2) There are significant differences in the recognition accuracy of fear between 
the mute video and audio (p-value=.01), and the mute video and audio/video 
(p-value=.00). Subjects made less errors in decoding fear from the mute 
video rather than the audio and audio/video;  
3) There are significant differences in the recognition accuracy of anger 
between the audio and mute video (p-value=.002), and the audio and 
audio/video (p-value=.00). Subjects made more errors in decoding anger 
from the audio rather than the mute video and audio/video; 
4) There are significant differences in the recognition accuracy of surprise 
between the audio and mute video (p-value =.005), the audio and 
audio/video (p-value =.02), and the mute video and audio/video (p-value 
=.000) indicating that subjects made more errors in decoding surprise from 
the mute video, as well as, from the audio; 
b) The interaction between emotions*communication modes*groups, indicates 
that the emotion decoding accuracy depends, on both the communication mode 
and the involved groups. More specifically post hoc comparisons show:  
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- a significant difference for happiness in the mute video (F(3,55)=3.88; p-
value=.014) between RMDD-As and HCs (p-value=.02) and ADs and HCs (p-
value=.02) indicating that happiness is less accurately recognized by both 
RMDD-As and ADs than by HCs (see mean scores in Table 4); 
- a significant difference for fear in the audio between ADs and HCs (F(3,55)=3.35; 
p-value=.025) indicating that ADs are less accurate than HCs (see mean scores in 
Table 4);  
- a significant difference for anger in: 
 the mute video between ADs and HCs (F(3,55)=2.93; p-value=.042);  
 the audio/video (F(3,55)=4.89; p-value=.004) between ADs and RMDD-
Cs (p-value =.01) and ADs and HCs (p-value =.01) 
indicating that ADs are less accurate than HCs and RMDD-Cs in the decoding of 
anger (see mean scores in Table 4); 
- a significant difference for surprise in the audio (F(3,55)=4.96; p-value=.004) 
between ADs and HCs (p-value=.01) and RMDD-As and HCs (p-value=.01) 
indicating that ADs and RMDD-As are less accurate than HCs. In addition, for 
surprise, all the participating groups make significant errors in the mute video 
(see mean scores in Table 4); 
- a significant difference for sadness in the mute video (F(3,55)=4.88; p-
value=.004) and in the audio/video (F(3,55)=3.62; p-value=.019) between ADs and 
HCs indicating that ADs are less accurate than HCs (see mean scores in Table 4). 
From the above analyses it clearly emerges that ADs are less accurate with 
respect to the other participating groups, no matter the emotion category and 
communication mode.  
 
A 5x4x3repeated measures ANOVA was made in order to finely assess possible 
other differences between RMDD-As and RMDD-Cs, as well as, HCs. Results 
showed a significant difference between RMDD-As and HCs for happiness in the 
mute video (F(2,40)=4.96, p-value=.012), surprise in the audio (F(2,40)=5.98, p-
value=.005), and a slight difference for sadness in the audio/video (F(2,40)=3.06, p-
value=.05). 
No significant differences were found between RMDD-As and RMDD-Cs 
(F(1,25)=.139, p-value=.712), even though RMDD-Cs’ performance is slightly 
better than RMDD-As as illustrated by Figure 1 and Table 4. 
 
3.4.3 Confusion matrices 
Table 5 reports confusion matrices for each emotion, communication mode and 
participating group (correct recognition accuracy is expressed in percentage).  
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Table 5: Confusion matrices for each emotion and communication mode obtained from 
each participating group. Correct recognition accuracy is expressed in percentage and 
labels are for H=happiness; F=fear; A=anger; Su=surprise; Sa=sadness; D.E.=different 
emotion; No E.=no emotion 
 
 
 
 
 
audio         
RMDD-As H F A Su Sa D.E. No E.
audio 
RMDD-Cs H F A Su Sa D.E. No E.
happiness 69 0 0 16 2 8 6 happiness 64 0 0 18 0 7 11
fear 0 77 11 3 8 2 0 fear 0 70 9 11 2 2 5
anger 0 14 67 5 5 6 3 anger 0 7 75 0 5 9 5
surprise 20 5 2 52 0 17 5 surprise 9 0 2 70 2 9 7
sadness 3 2 5 5 70 9 6 sadness 5 5 0 7 59 16 9
audio ADs H F A Su Sa D.E. No E. audio HCs H F A Su Sa D.E. No E.
happiness 75 0 0 17 2 5 2 happiness 83 0 0 11 0 3 3
fear 0 56 9 19 5 9 2 fear 0 77 2 8 3 11 0
anger 2 11 52 6 11 17 2 anger 0 6 78 2 5 6 3
surprise 19 6 2 52 6 11 5 surprise 9 0 2 84 0 3 2
sadness 3 3 6 6 56 17 8 sadness 2 3 0 0 70 22 3
mute video 
RMDD-As H F A Su Sa D.E. No E.
mute video 
RMDD-Cs H F A Su Sa D.E. No E.
happiness 66 0 5 6 2 17 5 happiness 75 0 5 9 2 5 5
fear 3 80 6 0 5 6 0 fear 2 77 5 7 5 2 2
anger 0 3 83 3 5 5 2 anger 0 11 80 2 2 0 5
surprise 5 2 13 55 3 14 9 surprise 0 0 23 48 5 14 11
sadness 2 0 6 5 67 11 9 sadness 0 2 0 2 70 14 11
mute video 
ADs H F A Su Sa D.E. No E.
mute video 
HCs H F A Su Sa D.E. No E.
happiness 66 2 3 20 2 8 0 happiness 92 0 2 5 0 2 0
fear 2 75 11 11 2 0 0 fear 0 89 2 2 3 3 2
anger 0 9 63 8 5 13 3 anger 0 6 88 2 0 5 0
surprise 3 8 16 48 8 13 5 surprise 8 2 20 50 3 14 3
sadness 0 11 8 11 50 9 11 sadness 0 3 3 0 83 11 0P ovis
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It is worth to discuss, at this stage, the confusion matrices reported in Table 5, in 
order to highlight where confusions are made and for which emotional category. 
Table 5 shows that: 
1) Happiness, in the mute video, is less accurately decoded by RMDD-As 
and ADs than by HCs (accuracy is 66% for both groups vs 92% for 
HCs) which mostly confused it with a different emotion (17%) and 
surprise (20%) respectively.  
2) Fear, is less accurately recognized in the audio by ADs than by HCs 
(56% vs 77%). ADs mostly confuse fear with surprise (19%).  
3) Anger, is less accurately recognized by ADs than by HCs in the audio, 
and audio/video (52% vs 78% in the audio; 66% vs 91% in the 
audio/video). ADs mostly confuse anger with a different emotion (17% 
in the audio and 13% in the audio/video).  
4) Surprise, is less accurately recognized by ADs and RMDD-As than by 
HCs (52% vs 84%) in the audio. ADs and RMDD-As mostly confuse 
surprise with happiness (19% for ADs and 20% for RMDD-As) and a 
different emotion (11% for ADs and 17% for RMDD-As). In addition, 
surprise, in the mute video, is the least accurately decoded emotions by 
all participating groups. There, surprise is mostly confused with anger 
and a different emotion (see percentages in Table 5). 
5) Sadness, is less accurately recognized by ADs than by HCs (50% vs 
83%) in the mute video. ADs mostly confuse sadness with fear, surprise 
and no emotion (11%).  
audio/video 
RMDD-As H F A Su Sa D.E. NO E.
audio/video 
RMDD-Cs H F A Su Sa D.E. NO E.
happiness 67 0 2 9 2 20 0 happiness 80 0 0 14 0 0 7
fear 0 61 6 5 11 14 3 fear 0 68 5 2 5 11 9
anger 0 3 83 0 5 8 2 anger 0 2 93 2 2 0 0
surprise 2 0 9 77 3 6 3 surprise 2 5 5 73 0 2 14
sadness 0 6 8 5 63 17 2 sadness 0 0 2 5 75 9 9
audio/video 
ADs H F A Su Sa D.E. NO E.
audio/video 
HCs H F A Su Sa D.E. NO E.
happiness 70 0 0 23 0 6 0 happiness 83 0 0 9 0 8 0
fear 0 56 11 13 9 8 3 fear 0 75 0 6 5 13 2
anger 0 14 66 2 11 6 2 anger 0 5 91 0 0 5 0
surprise 8 0 5 67 3 13 5 surprise 2 2 3 86 2 6 0
sadness 0 9 13 9 55 11 3 sadness 0 5 2 0 88 6 0
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4 Discussion 
The goal of the present study is to investigate the ability to decode multimodal 
emotional expressions in outpatients with Recurrent Major Depressive Disorder 
(RMDD). For this purpose, multimodal dynamic stimuli selected from the COST 
2102 Italian databases (Esposito et al. 2009; Esposito and Riviello 2010), through 
an emotion recognition task, have been exploited. The COST 2102 databases 
include a set of audio, mute video and audio/video recordings of short durations, 
in which actors/actresses express one of the following five primary emotions: 
happiness, fear, anger, surprise and sadness (either through sentences with no 
emotional semantic content and/or facial expressions).  
To our knowledge, this is the first study investigating the capability to decode 
emotional expressions in RMDD patients also in the compensation phase of the 
disorder. Indeed, usually, the comparison is made between patients in the acute 
and remission phase (Gotlib and Joorman 2007; Fritzsche et al. 2010; Anderson 
et al. 2011; Aldinger et al. 2013; LeMoult et al. 2009). Therefore, this is the first 
data on such cases. In addition, this is the first study matching MDDs’ with AD 
patients’ performances. Such patients, according to DSM-IV, do not suffer of a 
mood disorder, even though, their clinical state is characterized by predominant 
depressive symptoms.  
 
4.1 BDI-II, drugs and emotion recognition task 
In our study, the severity of depressive symptoms (scored through the BDI-II 
questionnaire) does not correlate with the patients’ (RMDD-As, RMDD-Cs, ADs) 
emotion recognition task accuracy (see Table 2). This suggests that the poorer 
decoding accuracy towards primary emotions may be independent from the 
patients’ clinical state. This observation is consistent with previous results 
(Naranjo et al. 2011; Milders et al. 2010) and supports Beck’s theory, suggesting 
that biases towards environmental stimuli are a pre-depressive personality trait 
that becomes active when it meets negative events. In addition, there is no 
correlation between the patients’ (RMDD-As, RMDD-Cs, ADs) emotion 
recognition task accuracy and their treatment duration (see Table 3). It can be 
assumed that drugs’ diversities and individual reactions to specific drugs may be 
a factor influencing the different patients’ performance (Bhagwagar et al. 2004; 
Harmer et al. 2009). However, this aspect is not considered in the present study. 
Further research is needed to investigate the effect of different drugs. 
 
4.2 Emotion categories 
The results reported in the present paper indicate that the capability to decode 
emotional expressions is more impaired in AD than in RMDD patients (either 
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RMDD-As or RMDD-Cs). ADs are, with respect to the other groups, especially 
impaired in recognizing negative emotions of fear, anger and sadness, while, they 
perform similarly to RMDD-As (see Figure 1) for happiness and surprise.  
For the ADs’ performances there is no support by data reported in literature, since 
former studies report only comparisons between HCs and MDDs. Since our 
results indicate that ADs, more than MDDs, are unable to decode emotional 
expressions, it is worth to hypothesize that this inability is associated to 
depressive symptoms independently of the causes originating them.  
Our results also indicate that RMDD-As are significantly less accurate than HCs 
in decoding sadness and exhibit a general worst performance for anger and fear, 
supporting the first hypothesis formulated in the introduction (even though, not 
significant).  
To explain the ADs worst performance with respect to RMDDs, in decoding 
negative emotional stimuli, it is worth to consider Beck’s theoretical framework 
(1979, 1996, 2002). Such theory assumes that erroneous interpretations of 
environmental stimuli are due to maladaptive cognitive schemas becoming active 
and dominant when stressful events occur. Since ADs’ depressive symptoms are 
directly triggered by stressful events (with a consciousness of symptoms’ causes), 
their maladaptive cognitive schemas are active and dominant, thus worsening the 
bias in decoding negative emotional stimuli, accomplished through a 
psychological avoidance to recognize them in the others. RMDD disorder is not 
directly connected to specific stressful events, even though a subsequent stressful 
event can worsen depressive symptoms. Consequently, RMDDs’ emotional 
decoding bias is latent (being triggered only when specific stressful events occur) 
granting to RMDDs a superior performance with respect to ADs in decoding 
negative emotional stimuli. 
ADs and RMDD-As also exhibit a poor decoding of happiness with respect to 
HCs (see Figure 1). This result is consistent with other studies reporting a deficit 
in the recognition of static happy stimuli (Chen et al. 2014; LeMoult et al. 2009; 
Surguladze et al. 2004; Csukly et al. 2010; Rubinow and Post 1992). Bias toward 
happiness may be due to anhedonia (Ribot 1896) that is a loss of capacity to 
experience pleasure from activities and situations usually considered rewarding 
(e.g. social relations, sports, hobbies, sexual activities). Indeed, RMDD-As and 
ADs report a mean score of 2.0 (s.d.=1.15) and1.63 (s.d.=1.43) respectively to the 
BDI-II’s item 4 measuring “loss of pleasure”, suggesting that they suffer from a 
moderate degree of this symptom. Alternatively, the bias towards happiness may 
be explained through the maladaptive cognitive schemas suggested by Beck 
(1979; 1996; 2002) not allowing ADs and RMDD-As to correctly decode positive 
stimuli since they are incongruent with their depressed thinking and mood.  
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The RMDD-Cs show slightly superior performances than RMDD-As (as asserted 
by the second hypothesis formulated in the introduction) and slightly worse 
performances than HCs (no significant differences are found, see Figure 1). 
RMDD-Cs make substantial errors in decoding sadness and surprise. However, 
more data is needed to explain these slight differences because of the small 
number of subjects in this group.  
Finally, confusion matrices show that, when depressed subjects make errors in the 
emotion labeling task, they often chose “a different emotion” as an option. 
Probably, this label is selected either when none of the listed labels fits the 
patients’ perceived emotional stimulus or when they were not able to identify the 
portrayed emotion.  
Confusion among emotions can also arise because of emotional expression 
common features depending from the communication mode. For instance, in the 
mute video, happiness and surprise may have in common the movements of 
certain facial muscles (see Ekman and Friesen 1972). Nevertheless, the clinical 
state was one of the main confusing factor.  
These results show that depressed subjects do not exhibit a global deficit towards 
emotional stimuli, rather their performance depends on the specific emotion and 
(see results in paragraph 3.4.2) communication channels (see discussion below).  
 
4.3 Communication modes 
Analyzing the subjects’ recognition accuracy through the three communication 
modes (audio, mute video and audio/video), independently from the emotional 
category, it appears that the audio and audio/video are the ones in which all 
groups make most and least errors (see Figure 2) respectively. The audio seems to 
be the poorer emotional communication mode. This result may appear to 
contradict previously reported experiments, where it was shown that Italian native 
speakers perform equally well in decoding emotional states from the audio alone 
and the audio/video combined (Esposito 2007; Esposito et al. 2009). However, 
the differences in these results can easily be attributed to the different clinical 
states of the participating groups and the different experimental set-up (the age of 
the involved subjects for example was different).  
When emotion categories are accounted for, it appears that communication modes 
may affect the subjects’ ability to decode specific emotional states 
“independently” from the clinical state. This is particularly true for, surprise and 
fear in the mute video, where all groups perform similarly. Surprise is a quite 
ambiguous emotion that can assume positive or negative valence and a mute 
visual stimulus may not be capable to convey enough information for its correct 
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interpretation (Esposito et al. 2009; 2010). Conversely, the accurate recognition 
in the mute video of facial expressions of fear may be attributed to our survival 
abilities to sense imminent attacks or dangers.  
The dependency from the clinical state in the ability of recognizing emotional 
states explain all the other differences in the emotion recognition task accuracy.  
These results are in support to the third hypothesis formulated in the introduction, 
in the sense that depression causes a deficit in the emotion recognition capability 
in all communication modes and for all the emotional categories (in the sense that 
patients make more errors than healthy subjects) although this deficit is more 
marked for specific emotions portrayed through a specific communication 
channel. 
 
5. Conclusion 
In this study we found that depressed subjects have an impairment in the 
decoding of dynamic emotional expressions (vocal and facial expressions). It can 
be assumed that this misinterpretation of others’ emotional expressions not only 
contributes to their interpersonal difficulties, but also does not allow them to 
correctly decode the emotions they experience, further aggravating the depressive 
symptoms. In addition, it may become more debilitating when subjects have to 
face stressful and negative events. 
Our data is partly consistent with those of other studies that also exploited 
dynamic stimuli. Indeed, Schneider et al. (2012) used short audio/video clips in 
which actors expose emotional narratives and found that MDDs exhibit a general 
emotion processing deficit (happiness, sadness, fear and disgust). Naranjo et al. 
(2011) used musical, vocal, and static facial stimuli and found that depressed 
subjects are less accurate than the control group in all the three emotion 
recognition tasks. In addition, they found that depressed subjects are more likely 
to attribute negative emotions to neutral voices and faces. Peron et al. (2011) used 
a set of vocal stimuli (consisting of pseudo-words with emotional intonation but 
no semantic content) and found that the depressed group displayed significant 
impairment in the identification of emotional prosody cues of fear, sadness and 
happiness. Punkanen et al. (2011) reported that depressed subjects mostly confuse 
musical expressions of fear and sadness with anger, showing also that they were 
less accurate than the control group in decoding happiness and tenderness. 
Uekermann et al. (2008) exploiting prosodic emotional stimuli found that 
depressed subjects show impairments for anger, happiness, fear, and neutral 
expressions (but not for sadness. Kan et al. (2004) exploiting mute video and 
audio recordings found a poorer decoding accuracy of surprise for the audio 
stimuli. Schlipt et al. (2013) reported that depressed subjects are impaired in 
processing positive emotional words exploiting a set of emotional adjectives (of 
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positive, negative, and neutral valence) administered through speech vocal 
presentation. 
The diverse results discussed above are not necessarily contradictory. Differences 
can be attributed to patients’ characteristics (acute, remission, recurrent, chronic 
and so on), their medical status (inpatient, outpatient), pharmacological 
treatments, the severity of disorder, the stimuli and methodological paradigms. 
With respect to the last factor, the distinct stimuli and tasks may involve distinct 
cognitive processes (i.e. memory, selective attention, recognition) causing 
different performances. Given these multiple and different results, it is clear that 
standardized methodologies and ecological stimuli are necessary to assess the 
depressed subjects capability to decode others' emotional expressions.  
Our future plans are: 
- To further investigate depressive disorder’s effects on the emotional information 
processing by increasing the number of participants; 
- To investigate whether and which dysfunctional cognitive patterns are 
associated with depression;  
- To check for anxiety effects, since depression is often associated with anxiety 
(Belzer and Schneier 2004; Hranov 2007) and anxiety may affect the decoding of 
emotional expressions (Bouhuys et al. 1997); 
- To test for antidepressant effects, since antidepressants may influence the 
emotional information processing (Bhagwagar et al. 2004; Harmer et al. 2009). 
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